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ABSTRACT
Background  In order to find out the factors associated 
with  the  large disparities  in COVID-19 mortality rates 
by country, we conducted an ecological study by  link-
















Results  Factors  related  to mortality were  the 
incidence of Kawasaki disease  (KD), number of com-
puted  tomographies  (CTs),  and alcohol consumption. 





to a  regional analysis  in  Japan, mortality was  related 

























is  revealed, with China having  the  lowest mortality 
rate (0.33 per 100,000 people) and a 261-fold difference 
compared with  the country with  the highest mortality 
rate  (Belgium). The  low mortality  rate  in East Asian 
and Oceanian countries  is  significant,  compared with 
European countries. The mortality rate is low not only 
in countries  that  implemented  strong containment 
measures (e.g., China, New Zealand, and Australia) but 
also in countries like South Korea and Japan that did not 
enact  stringent measures.2 Understanding  the  reasons 
for  this phenomenon could  lead  to  the development of 
measure to reduce mortality during the second and third 
waves of the epidemic. COVID-19 mortality has already 
been proven  to be higher among older people,  so  it 












































































































To analyze  the  factors associated with  regional 
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Statistical analyses
Logarithmic  transformation was performed  to  restore 





differences  in mortality/infection  rates  in  Japan, we 
calculated Spearman’s correlation coefficient between 






















mented  the mortality  rate by  the end of April  as  the 
dependent variable,  smoking prevalence and  the Gini 
coefficient were positively significant associated factors. 
Similarly, when we  implemented  the mortality  rate by 











According  to a  regional analysis  in  Japan,  the 
mortality was related to the proportion of the population 
in densely inhabited districts, the number of foreigners 






and Gini coefficient.  In  regions where  the  first wave 




consumption  resulted  in higher mortality  rates, while 
higher  rates of KD  incidence and number of CTs  re-
sulted in lower mortality rates.
The  results of our  study confirm  that  smoking  is 
a  factor  related  to a severe progression of COVID-19.3 
However, it should be noted that one article posits that 
higher smoking rates  lead  to  lower COVID-19 mortal-
ity,4 which could be owed  to  the  fact  that  said  study 
analyzed countries  including  low population countries 
and cut-off  for  the measure of  the mortality  rate was 
May 30, 2020.  Indicators  related  to health care provi-
sion and access to medical care were not statistically 
significant variables in this study. Conversely, since the 
Gini coefficient  is an  indicator of economic disparity, 







was  likely  to be high  in countries with high smoking 
rates, and after that, mortality was likely to be high in 




we  can  say  that measures  to  reduce  smoking  and 
income disparity may reduce the mortality rate during 
the second and third waves of the epidemic. Economic 
inequalities cannot be easily  remedied, but  it  can be 
suggested that countries with large economic disparities 




to a higher mortality  rate because alcohol  is  typically 
provided outside  the home, which makes  individuals 
more  likely  to become  infected. Chest CT scans are 
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can be found earlier, which may lead to lower mortality 
due  to earlier  initiation of  treatment  in patients who 
become more severe if treatment is delayed.
Some studies have  reported  that  low COVID-19 
mortality rates might be related to BCG vaccination.5–7 
However,  this hypothesis has proven  to be unreliable, 
as  some studies have shown conf lictive  results.8, 9 
Although, BCG vaccination coverage was not  statisti-
cally significant in the current study, mortality rate was 
found  to be  low  in countries  that  implemented BCG 
vaccination  (Fig. 6). Since  there are no countries with 
intermediate BCG vaccination coverages,  it  is difficult 
to verify the relationship between COVID-19 mortality 
and BCG vaccination.






fied.33  It  is hypothesized  that populations  in countries 




among  the Asian Americans  is not  lower  than among 






t-statistics P-value Adjected R  
square
Europe, Oceania, East Asia, Canada, and Israel (mortality as of June 30)
Life expectancy (n = 33) 0.232  0.351  2.086  0.045 * 0.095 
Elderly population ratio (n = 33) 0.114  0.233  1.331  0.193  0.024 
Old-age dependency ratio (n = 32) 0.061  0.214  1.200  0.240  0.014 
Age-adjusted mortality rate (n = 30) –0.002 –0.177 –0.952 0.349  –0.003
Europe only (mortality as of June 30)
Life expectancy (n = 26) 0.343  0.635  4.022  0.000*  0.378 
Age-adjusted mortality rate (n = 25) –0.005 –0.573 –3.350 0.003 * 0.299 
Elderly population ratio (n = 26) 0.062  0.107  0.526  0.604  –0.003
Old-age dependency ratio (n = 25) 0.021  0.060  0.287  0.777  –0.040
Europe, Oceania, East Asia, Canada, and Israel (mortality as of June 30)
Incidence of Kawasaki disease (n = 18) –0.018 –0.587 –2.776 0.014 * 0.298 
Number of CTs (n = 27) –0.038 –0.525 –2.938 0.007*  0.260 
Alcohol consumption (n = 30) 0.277  0.376  2.103  0.045*  0.187 
Health expenditure (n = 33) 0.331  0.376  1.753  0.090  0.152 
BCG vaccination coverage (n = 33) –0.014 –0.363 –1.780 0.085  0.154 
Europe only (mortality as of April 30)
Smoking prevalence (n = 15) 0.127  0.495  2.628  0.021 * 0.468 
Gini coefficient (n = 25) 12.078  0.315  2.310  0.030*  0.552 
Alcohol consumption (n = 23) 0.231  0.314  1.770  0.091  0.465 
Number of CTs (n = 20) –0.033 –0.263 –1.781 0.092  0.588 
Europe only (mortality as of June 30)
BCG vaccination coverage (n = 25) 0.018  0.488  1.850  0.077  0.435 
Smoking prevalence (n = 16) 0.119  0.454  2.174  0.049*  0.347 
Gini coefficient (n = 25) 12.933  0.348  2.364  0.027*  0.478 
Number of physician (n = 19) –0.553 –0.317 –1.786 0.093  0.453 
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Caucasians,34, 35 the lower rate of COVID-19 mortality 
in East Asian countries is more owed to environmental 
factors  rather  than genetic  factors.  It  is speculated  that 
living  in an environment  susceptible  to KD  is  related 
to  factors  that prevent  the exacerbation of COVID-19. 
Outside of Europe, North America, East Asia and 
Oceania, there are few reliable data on incidence of KD, 
making  it difficult  to examine  the association between 
country-specific COVID-19 mortality and incidence 
of KD. However, the relationship between the immune 
system of people with a history of Kawasaki disease 
and COVID-19  infection or  severity may be worth 
investigating.




where rice  is a staple of  its citizens diet.36 However,  it 
is difficult  to explain  the  reason  for  this phenomenon 
from a medical or biological standpoint. KD is a disease 
the cause of which  is  still unknown, but  it  is  strongly 





of  the population  repeatedly exposed  to pathogens 
that cross-react with  the novel coronavirus, especially 






in  the  incidence of KD have been observed  in  Japan. 





are  likely  to  spread,  thus, precautionary health crisis 
measures such as strengthening the surveillance system 
and improving the medical system are necessary.









regional differences in COVID-19 mortality rate in ad-
dition to those analyzed in this study.
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cannot prove causal  relationships,  the purpose of  this 
study was  to propose useful hypotheses.  In  this  re-
search, useful results for indicating the direction of the 
answer  to  the problem were produced, and our  results 
were consistent with the existing literature.
In conclusion,  the current  study  revealed  that,  in 
Europe, COVID-19 national mortality rates are related 
to  the  smoking  rate and Gini coefficient.  In  regions 
where  the  first wave of  the epidemic seemed  to have 
ended -including East Asia and Oceania- KD incidence, 
number of CTs, and alcohol consumption were  related 
to mortality. Higher  smoking  rates,  economic dispar-
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